Abstract
Associations between relative gene expression levels and immunostaining levels were 155 determined using Pearson's correlation. All P-values were considered statistically 156 significant if ≤ 0.05 in two-sided tests. 157
Survival curves were created using the Kaplan-Meier method, the log-rank test was used 158 to test for differences between subgroups. Details on assessment of disease free or 159 overall survival rates can be found in the Supplementary Materials and Methods. Cox-160 regression was used for multivariate analysis. mRNA from normal human tissues (whole pancreas, pancreatic islets, liver, lung and 169 adrenal gland) was analyzed as controls. Expression levels were normalized to 170 glucuronidase beta (GUSB), which exhibited the most stable expression level in all 171 samples after comparing the expression levels of 4 housekeeping genes. 172 Table 1 shows high mean and median expression levels of INS, CGA and SYP mRNA 173 (8351, 89 and 2.3 normalized to GUSB, respectively), consistent with the neuroendocrine 174 character of insulinomas. In normal pancreatic islets the mRNA expression levels of INS, 175 CGA and SYP were respectively 4151, 15 and 0.5. In normal pancreatic tissue the mRNA 176 levels for these genes were significantly lower. Normal adrenal mRNA showed a high 177 expression level of CGA (57) and SYP (1.3), but very low INS expression (0.2). In normal 178 liver and lung tissue very low mRNA expression levels of CGA, SYP and INS were found 179 (data not shown; analyses of normal controls were performed three times in duplicate). 180
When compared to normal pancreatic islets the mean expression levels of INS, CGA and 181 SYP mRNA in insulinomas showed a 2.0, 6.0 and 4.8 fold increase, respectively (Table 1) . 182
183

EGFR, ERK and AKT
184
Since EGFR signaling via MAPK and AKT pathways has been reported to be active in 185
PanNETs, we examined the mRNA expression levels of EGFR, ERK1, ERK2 and AKT in the 186 48 insulinomas. EGFR mRNA expression was low (0.10), with a relative expression of 187 0.15 as compared to normal pancreatic islets (Table 1) 
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Immunostaining was performed on 86 insulinomas, including 26 that were also analyzed 223 for mRNA expression levels (see above), and 60 cases present as single or duplicate 224 cores on the TMAs. All tumors were negative for EGFR, which is in agreement with the 225 low assessed EGFR mRNA expression levels. As a positive control a human premalignant 226 laryngeal lesion was used, showing strongly positive membranous staining. In normal 227 human pancreas a low number of acinar cells showed a weakly positive membranous 228 staining, whereas the islet cells were negative for EGFR (Table 2; Fig. 1 , A-C). 229 Table 2 shows the IHC data for p-AKT and p-ERK. A lung carcinoma harboring a K-ras 230 exon 2 mutation served as positive controls (Supplementary Figure 1, A and B  231 respectively). A moderate to strong nuclear p-AKT expression was seen in normal 232 pancreatic islet cells, whereas the acinar cells were negative. In normal pancreas no p-233 ERK could be detected. Moderately to strongly positive nuclear p-AKT staining was 234 observed in 22% and nuclear p-ERK in 32% of insulinomas (Fig. 1, D-F) . Twenty-four % 235 of the insulinomas showed neither nuclear nor cytoplasmic p-ERK staining; 36% were 236 negative for p-AKT. Moderate to strong simultaneous expression of nuclear p-AKT and p-237 ERK was found in 10% of the tumors, while in 22% no co-expression of nuclear p-AKT 238 and p-ERK could be detected (double-negative). Only 37% of insulinomas exhibited a weakly to moderately positive nuclear p-4EBP1 267 staining, and in 22% also cytoplasmic staining was detected (Table 2 ). Normal pancreatic 268 islets did not show p-4EBP1 expression, and areas, predominantly at the periphery of 269 lobules, showed a moderately to strongly positive diffuse cytoplasmic, and in 90% also 270 strong nuclear, immunostaining in acinar cells ( Mean relative gene expression levels of insulinoma subgroups were compared using 288 Student's t-test (Table 3A) . Of the 20 genes analyzed, only the relative expression level 289
of IGF2R compared to normal pancreatic islets was significantly lower in grade 2/3 than 290 in grade 1 insulinomas (p=0.039). A decrease in expression in grade 2/3 tumors was 291 also seen for IGF1R, INS and IGF2, although not statistically significant. At the protein 292 level (Table 3B) Fig 2) . 319
Lower protein levels of cytoplasmic IGF2, IGF1R and INSR (p≤0.035 for disease free 320 survival; P≤0.033 for overall survival) correlated with shorter 10 years survival rates (Fig  321   4 and suppl. Fig 3) . 322
Univariate analysis of clinicopathological parameters of tumors showed very strong 323 associations of grade, metastatic disease, tumor size and disease stage with both 10 324 years disease free and overall survival (p<0.0001) (Fig 3 and Supplementary Fig 2 E-H,  325 and Fig 4 and Suppl Fig 3 D-G) . 326
In 
